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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a rotation an-
gle detector, and in particular, to a novel improvement
in which, in a variable reluctance (VR) type resolver us-
ing a rotor constructed solely of a core, with first and
second annular stators being stacked together to cancel
a deterioration in accuracy due to eccentricity, the posi-
tions of slots of the first and second annular stators are
deviated from each other, whereby it is possible to form
windings continuously around projected poles of the first
and second stators by using a single winding apparatus,
and it is possible to produce the rotation angle detector
inexpensively by using conventional production equip-
ment.

2. Description of the Related Art

[0002] As shown, for example, in Japanese Patent
3182493, in a rotation angle detector constructed of a
conventionally used VR type resolver of this type, the
core configurations of the annular stators are the same
in the axial direction, that is, in the thickness direction,
with a winding being wound around each projected pole.
[0003] With this construction, when the X-number,
thatis, the axial double angle, is large, the error in angle
detection is small, and there is no problem for practical
use. However, when the axial double number is small,
thatis, in the case, for example, of an axial double angle
of 1X, an angular error of several tens of degrees is gen-
erated by little eccentricity.

[0004] To solve the problem of the angular error de-
scribed above, there has been adopted a measure in
which, as shown in Japanese Patent 3138606, a pair of
resolvers adopting a pair of first and second annular sta-
tors are used and in which the first and second stators
are stacked together, with the slot positions, that is, the
proj ected pole positions being matched (coinciding with
other), the windings (for excitation and 2-phase output)
wound around the first and second annular stators being
connected in series, whereby unbalance in the output
voltage and angular error due to eccentricity are elimi-
nated.

[0005] Further, as a measure for canceling the influ-
ence of eccentricity, there has been proposed a con-
struction as shown in JP 07-043265 B, in which a pair
of annular stators are used.

[0006] The conventional rotation angle detectors,
constructed as described above, have the following
problems.

[0007] Thatis, in the case of the construction of Jap-
anese Patent 31386086, it is possible to cancel the influ-
ence of eccentricity, and the angular error in the case of
1X is significantly improved. However, since two inde-
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pendent resolvers are stacked together, it is necessary
for the windings wound around the resolvers to be con-
nected in series, so that the winding cannot be effected
by a single winding operation.

[0008] Further, since a case and a shaft are required,
the number of parts is doubled, resulting in an increase
in cost. Further, due to the connection of the two resolv-
ers, itis difficult to achieve a reduction in the axial length,
that is, the thickness.

[0009] In the case of the construction disclosed in JP
07-043265 B, a pair of resolvers are combined so as to
be stacked together as in the above case, so that the
number of coil windings and stator parts and the number
of assembly processes are large, making it difficult to
achieve a reduction in cost.

SUMMARY OF THE INVENTION

[0010] It is an object of the present invention to pro-
vide a high accuracy resolver at a significantly reduced
cost by stacking together a pair of first and second an-
nular stators with their slots being deviated from each
other, the windings being wound continuously by way of
the first and second projected poles of the first and sec-
ond annular stators.

[0011] A rotation angle detector according to the
present invention includes an annular stator composed
of afirstannular stator having a plurality of first projected
poles projected inwardly at predetermined angular in-
tervals and a second annular stator stacked together
with the first annular stator and having a plurality of sec-
ond projected poles projected inwardly at predeter-
mined angular intervals so as not to overlap the first pro-
jected poles. Further, the rotation angle detector of the
present invention includes a rotor having first and sec-
ond rotors rotatably provided inside the annular stator,
corresponding to the first and second annular stators,
differing from each other in phase, and being construct-
ed solely of cores. Furthermore, the rotation angle de-
tector of the present invention includes an exciting wind-
ing and output windings wound by using the first and
second projected poles.

[0012] The rotation angle detector of the present in-
vention may have such a structure that the exciting
winding and the output windings are wound continuous-
ly from the initial to the terminal ends thereof by way of
the first and second projected poles.

[0013] Further, the rotation angle detector of the
present invention may have such a structure that an an-
nular stator core is provided as a layer between the first
and second annular stators.

[0014] Further, the rotation angle detector of the
presentinvention may have a structure such that the first
projected poles and the second projected poles are ar-
ranged so as to be opposed to each other by 180 de-
grees.

[0015] Further, the rotation angle detector of the
presentinvention may have such a structure that the first
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and second annular stators and the first and second ro-
tors are constructed by one of laminated plates, sintered
bodies, molded products, and machined magnetic bod-
ies.

[0016] Further, the rotation angle detector of the
presentinvention may have such a structure that the first
and second rotors are of an out-of-round configuration
or an eccentric circular configuration for 1X or nX and
are of a rotor outer diametrical configuration such that
the gap permeance of the rotors and the stators varies
at sinn6 or cosne.

[0017] Further, the rotation angle detector of the
present invention may have such a structure that an an-
nular rotor core is provided as a layer between the first
and second rotors.

[0018] Further, the rotation angle detector of the
present invention may have such a structure that the
number of slots formed in each of the first and second
annular stators is at least four.

[0019] Further, the rotation angle detector of the
present invention may have such a structure that the ex-
citing winding and the output windings are of one of
2-phase/1-phase, 1-phase/2-phase, and n-phase/m-
phase.

[0020] Further, the rotation angle detector of the
present invention may have such a structure that the
stators and the rotors are one of an outer type and an
inner type.

[0021] Further, the rotation angle detector of the
present invention may have such a structure that the ex-
citing winding and the output windings of the stators are
alternately wound around the projected poles of the sta-
tors.

[0022] The rotation angle detector of the present in-
vention, constructed as described above, provides the
following effects.

[0023] Thatis, the pair of first and second annular sta-
tors are stacked together, with their slot positions being
deviated from each other, and the exciting winding and
the 2-phase output winding are wound by way of the first
and second projected poles (or slots) of the first and sec-
ond annular stators, so that it is possible to perform
winding continuously from the initial end to the terminal
end of the windings by using a single winding apparatus.
[0024] Further, regarding the formation of these wind-
ings, the production is possible at the same production
cost as in the case of the conventional multi-polar VR
resolver, so that it is possible to obtain inexpensive and
high-accuracy resolvers of 1X, 2X, ....

[0025] Further, since a 1X resolver can be produced
at low cost, it is possible to provide a resolver capable
of 360 degrees absolute angle detection that is optimum
for angular control in an automotive power steering, an
electric vehicle, a hybrid drive motor, a generator, etc.,
and fuel control valve position detection, etc. m are in-
tegers of one or more.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In the accompanying drawings:

Fig. 1is a plan view of the annular stator of a rotation
angle detector according to the present invention;
Fig. 2 is a sectional view taken along the line A-O-A'
of Fig. 1;

Fig. 3 is a plan view of the rotors to be combined
with the stator of Fig. 1;

Fig. 4 is a sectional view of Fig. 3;

Fig. 5 is a perspective view of the annular stator of
Fig. 1;

Fig. 6 is a perspective view of the rotor of Fig. 3;
Fig. 7 is a construction diagram showing a modifi-
cation of Fig. 3;

Fig. 8 is a construction diagram showing another
modification of Fig. 3;

Fig. 9 is a winding diagram of the annular stator of
Fig. 1;

Fig. 10is an explanatory diagram showing the wind-
ing direction, the winding number, and the output
voltage of the winding of the 1X-VR resolver of the
present invention; and

Fig. 11 is an explanatory diagram showing the wind-
ing direction, the winding number, and the output
voltage of the winding of the 2X-VR resolver of the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0027] Inthe following, a preferred embodiment of the
rotation angle detector of the present invention will be
described with reference to the drawings.

[0028] InFigs. 1 and 2, reference numeral 1 indicates
an annular stator, which is formed by stacking together
a pair of first and second annular stators 2 and 3.
[0029] The first annular stator 2 has a plurality of first
projected poles 4 through 4e arranged at predetermined
angular intervals and inwardly projecting, and the sec-
ond annular stator 3 has a plurality of second projected
poles 5 through 5e arranged at predetermined angular
intervals and inwardly projecting. When the first and
second annular stators 2 and 3 are stacked together,
the first and second slots 2A and 3A are deviated from
each other so that they may not overlap each other. As
a result, the first projected poles 4 through 4e and the
second projected poles 5 through 5e do not overlap
each other in plan view, thus being formed in double the
number in total. Itis possible to provide an annular stator
core 8 between the first and second annular stators 2
and 3 as needed; in some cases, however, no such sta-
tor core is used.

[0030] Further, as shownin Fig. 1, the projected poles
4 through 4e and 5 through 5e of the stators 2 and 3 are
arranged so as to be opposed by 180 degrees.

[0031] Ontheinnerside of the annular stator 1, a rotor
10 as shown in Figs. 3 and 4 is provided so as to be
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rotatable around a shaft (not shown).

[0032] Therotor 10includes perfectly circular firstand
second rotors 12 and 13 each mounted to a shaft (not
shown) so as to be eccentric with respect to each other,
with an annular rotor core 15 being provided between
the first and second rotors 12 and 13 as needed; in some
cases, however, no such rotor core is used. Apart from
the perfectly circular configuration, these rotors may be
of an out-of-round configuration or an eccentric circular
configuration, exhibiting a well-known rotor outer dia-
metrical configuration undergoing changes at sinn6 or
cosn@ in gap permeance between the rotors 12, 13 and
the stators 2, 3.

[0033] AsshowninFig. 5, in perspective view, the an-
nular stator 1 described above has the first and second
projected poles 4 through 4e and 5 through 5e arranged
at positions differing in the axial direction, that is, in the
thickness direction.

[0034] Further, as shownin Fig. 6, in perspective view,
in the rotor 10 described above, the first rotor 12 and the
second rotor 13 are arranged so as to be deviated from
each other by 180 degrees, the first rotor 12 correspond-
ing to the first annular stator 2 and the second rotor 13
corresponding to the second annular stator 3 to respec-
tively form a pair of first and second resolvers 20 and
21. Further, while in the above-described example the
rotors 12 and 13 are arranged on the inner side of the
stators 2 and 3, it is also possible for the stators 2 and
3 to be on the inner side and for the rotors 12 and 13 to
be on the outer side.

[0035] While the above rotor 10 is a 1X type with an
axial double angle of 1, in the case of a 2X type with an
axial double angle of 2 as shown in Fig. 7, elliptical first
and second rotors 12 and 13 in which the niin sinn and
cosno is 2 are arranged so as to be perpendicular to
each other; as shown in Fig. 8, in the case of a 3X type
with an axial double angle of 3, substantially triangular
first and second rotors 12 and 13 with three protrusions
in which the n in sinn6 and cosn6 is 3 are arranged so
as to be deviated from each other by 60 degrees.
[0036] Fig. 9 shows the winding structures of the ex-
citing winding R1-R2 and the first and second output
winding S1-S3 and S2-S4, which are 2-phase output
windings, wound around the projected poles 4 through
4e and 5 through 5e (arranged in two stages in the axial
direction) in the annular stator 1 shown in Fig. 1.
[0037] Thatis, the exciting winding R1-R2 is continu-
ously wound by passing the first and second projected
poles 4 through 4e and 5 through 5e alternately and con-
tinuously, and the winding is effected from the initial end
to the terminal end by using a single winding apparatus,
so that there is no need to perform serial connection of
the windings as in the prior art.

[0038] The first output winding S1-S3 and the second
output winding S2-S4 are also wound in the manner as
described above. The exciting winding R1-R2 and the
output winding S1-S4 are not restricted to 1-phase ex-
citation and 2-phase output; they may also be of
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1-phase excitation and 2-phase output and of n-phase
excitation and m-phase output.

[0039] Fig. 10 shows the winding directions and the
output voltage distribution of the windings R1-R2,
S1-S3, and S2-S4 in the first and second annular stators
2 and 3 in the case of 1X, the windings forming a well-
known winding structure (see, e.g., USP 5757182) in
which the winding number varies for each slot so that a
sinusoidal 2-phase (sin, cos) output voltage may be out-
put.

[0040] However, due to the relative deviation of the
rotors by 180 degrees, the phase of the voltage output
in the combination of the stator 2 and the rotor 12 and
the phase of the voltage output in the combination of the
stator 3 and the rotor 13 are such that the output wind-
ings S1-S4 of the stators 2 and 3 exhibit a winding dis-
tribution deviated in phase by 180 degrees.

[0041] Thus, as is well-known from Japanese Patent
3138606, the positions of origin of the stators and rotors
of the pair of resolvers 20 and 21 are arranged so as to
be deviated from each other by 180 degrees, synthesiz-
ing the output voltages of the resolvers 20 and 21, so
that, despite the core deviation, the unbalance in voltage
is canceled in the final output voltage, and the electrical
error is reduced, thus making it possible to achieve sta-
bility. In Fig. 10, the second rotor 13 is deviated from the
first rotor 12 in angle by 180 degrees, so that the output
voltage distribution of the second annular stator 3 is de-
viated in phase by 180 degrees from that of the first an-
nular stator 2 as indicated by the arrow E.

[0042] Fig. 11 shows the winding direction and output
voltage of a VR type resolver of 2X, which means the
diagram only shows the difference between a 1X type
and a 2X type resolver.

[0043] The annular stator 1 and the rotor 10 are
formed of laminated plates, sintered bodies, molded
products, or machined magnetic bodies. Further, simi-
larly, a winding of 3X or more is also possible.

[0044] The number of projected poles (4 through 4e,
5 through 5e) of the stators 2 and 3 is not restricted to
an even number; it may also be an odd number; further,
in some cases, they are not opposed to each other by
180 degrees. Further, also in a construction of 2X or
more, it is possible to achieve the same effect as the
above construction of 1X.

[0045] Further, in Fig. 11, the second rotor 13 is devi-
ated from the first rotor 12 by 90 degrees, so that the
output voltage distribution of the second annular stator
3 is deviated in phase by 90 degrees from that of the
first annular stator 2 as indicated by the arrow F.
[0046] The presentinvention is not restricted to a re-
solver; it is also applicable to a synchro (1-phase-exci-
tation/3-phase-output), or a resolver of n-phase-excita-
tion/m-phase-output, where n and
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Claims

1.

A rotation angle detector comprising: an annular
stator (1) comprising a first annular stator (2) having
a plurality of first projected poles (4 through 4€) pro-
jected inwardly at predetermined angular intervals
and a second annular stator (3) stacked together
with the first annular stator (2) and having a plurality
of second projected poles (5 through 5e) projected
inwardly at predetermined angular intervals so as
not to overlap the first projected poles (4 through
4e) ; arotor (10) having first and second rotors (12,
13) rotatably provided inside the annular stator (1),
corresponding to the first and second annular sta-
tors (2, 3), differing from each other in phase, and
being constructed solely of cores; and an exciting
winding (R1-R2) and output windings (S1-S3,
S2-S4) wound by using the first and second project-
ed poles (4 through 4e, 5 through 5e), wherein the
exciting winding (R1-R2) and the output windings
(S1-S3, S2-S4) are wound continuously from the in-
itial to the terminal ends thereof by way of the first
and second projected poles (4 through 4e, 5
through 5e).

A rotation angle detector according to Claim 1,
wherein an annular stator core (8) is provided as a
layer between the first and second annular stators
(2, 3).

A rotation angle detector according to Claim 1 or 2,
wherein the first projected poles (4 through 4e) and
the second projected poles (5 through 5e) are ar-
ranged so as to be opposed to each other by 180
degrees.

A rotation angle detector according to any one of
Claims 1 to 3, wherein the first and second annular
stators (2, 3) and the first and second rotors (12,
13) are constructed by one of laminated plates, sin-
tered bodies, molded products, and machined mag-
netic bodies.

A rotation angle detector according to any one of
Claims 1 to 4, wherein the first and second rotors
(12, 13) each comprise one of an out-of-round con-
figuration and an eccentric circular configuration for
one of 1X and nX, and have a rotor outer diametrical
configuration such that the gap permeance of the
rotors (12, 13) and the stators (2, 3) varies at one
of sinn® and cosné.

A rotation angle detector according to any one of
Claims 1 to 5, wherein an annular rotor core (15) is
provided as a layer between the first and second
rotors (12, 13).

A rotation angle detector according to any one of
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10.

Claims 1 to 6, wherein the number of slots (2A, 3A)
formed in each of the first and second annular sta-
tors (2, 3) is at least four.

A rotation angle detector according to any one of
Claims 1 to 7, wherein the exciting winding (R1-R2)
and the output windings (S1-S3, S2-S4) each com-
prise one of 2-phase/1-phase, 1-phase/2-phase,
and n-phase/m-phase.

A rotation angle detector according to any one of
Claims 1 to 8, wherein the stators (2, 3) and the ro-
tors (12, 13) each comprise one of an outer type
and an inner type.

A rotation angle detector according to any one of
Claims 1 to 9, wherein the exciting winding (R1-R2)
and the output windings (S1-S3, S2-S4) of the sta-
tors (2, 3) are alternately wound around the project-
ed poles (4 through 4e, 5 through 5e) of the stators
(2, 3).
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FIG. 10

EXPLANATORY DIAGRAM SHOWING THE WINDING DIRECTION,

THE WINDING NUMBER AND THE QUTPUT VOLTAGE OF THE

WINDING OF THE 1X-VR RESOLVER OF THE PRESENT INVENTION
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G. 11

EXPLANATORY DIAGRAM SHOWING THE WINDING DIRECTION,

THE WINDING NUMBER AND THE OUTPUT VOLTAGE OF THE

WINDING OF THE 2X-VR RESOLVER OF THE PRESENT INVENTION
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